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Acrosomal Actin: Twists and Turns of
a Versatile Filament
Edward H. Egelman
A new electron cryomicroscopic reconstruction of
an actin–scruin bundle from Limulus sperm reveals
details about the enormous structural plasticity
within F-actin. The twist and tilt of the actin subunits
show very large deviations from ideal F-actin,
providing clues about actin dynamics.
Actin is one of the most abundant and conserved
eukaryotic proteins. Unfortunately, perhaps because
of its ubiquity and degree of sequence conservation,
actin has rarely been seen as intrinsically interesting.
For molecular biologists, actin is a band that is run as
a control when looking at mRNA levels. For many, it
has traditionally been viewed to be as boring as
histones; however, our appreciation of histones has
grown tremendously over the past ten years, and new
results about actin may elevate its status from an
omnipresent and uninteresting structural protein to
that of a key player in many aspects of motility and the
regulation of cell shape and form. 
A recent publication [1] challenges the classical view
of actin, as it highlights how variable the subunit–subunit
interface is within the actin filament. The new results
also represent a technical advance, as cryo-electron
microscopy has been used to generate a three-dimen-
sional reconstruction of an actin bundle at 9.5 Å reso-
lution. This work may provide new insights into how
the variability within the actin filament is an essential
part of many cellular processes.
Although actin was first discovered as a component
of striated muscle [2], most of the research on the
molecular mechanisms of muscle contraction has
logically focused on myosin, as it is the globular heads
of myosin that hydrolyze ATP upon binding actin and
generate the ‘power stroke’. A number of studies
[3–5], however, have shown that actin can be modified
in such a way that it is still bound by myosin and the
myosin ATPase is fully activated, but force generation
is either eliminated or greatly reduced. 
One explanation of these observations is that
internal dynamical modes in F-actin are needed for
force generation, and these modes are suppressed by
such modifications as cross-linking and proteolysis.
Spectroscopic observations have shown that myosin
binding to actin does change the conformation of the
actin subunit [6,7], but these studies do not necessarily
tell us what is moving where and by how much. That is
one reason why new structural insights into the inter-
nal dynamics of F-actin may be important for under-
standing processes such as actomyosin motility.
Within non-muscle systems, where most current
research on actin is focused, we have learned that a
large number of other proteins are involved in the
polymerization and depolymerization of actin filaments
[8]. We now also understand that actin-based
structures previously viewed as static, such as the
core of stereocilia found in the inner ear, are actually
quite dynamic, with a flux of actin subunits constantly
treadmilling through these bundles [9]. A remarkable
actin-based motility was found in the acrosomal
reaction of the Limulus sperm, where a large bundle of
actin filaments, cross-linked together by a protein
called scruin, undergoes an extension driven by a
change in the twist of F-actin [10]. This suggests that
the helical twist of F-actin can be modulated by other
proteins to control cellular processes, just as the
helical twist of DNA is modulated by recombinases
such as the RecA protein [11].
If other proteins regulate the helical twist of F-
actin, one might imagine that this twist is well-
defined within pure F-actin. This is reasonable,
considering that the change in twist responsible for
the Limulus acrosomal extension is only ~0.2° per
actin subunit. An early electron microscopic study of
pure F-actin [12], however, concluded that the dis-
tances between ‘crossovers’ of the two long-pitch
helical strands seen in projection was quite variable.
That observation and other data were combined into
a model for random angular disorder in F-actin,
where subunits had a freedom of rotation of ~10° but
a rather fixed axial rise [13]. The variability in
crossovers arising from such angular disorder in F-
actin is illustrated in Figure 1. Proteins of the actin
depolymerizing factor (ADF)/cofilin family were sub-
sequently found, when bound stoichiometrically to
actin, to change the twist of F-actin by ~6° per
subunit [14]. It was shown that this occurs, not by
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Figure 1. A model for an actin filament illustrating how random
angular deviations between adjacent subunits accumulate.
The arrows point to crossovers of the two long-pitch helical
strands, which are not physical features of F-actin, but arise
from viewing the structure in two dimensions. These crossovers
can be quite variable in distance [12], because the angle
between subunits has a large random component [13].
the imposition of a new state on F-actin, but by the
stabilization of an existing state of twist [15].
What is remarkable about the new structure of the
Limulus actin–scruin bundle [1] is that it directly
reveals, for the first time, the degree of plasticity
between adjacent actin subunits, and this plasticity is
larger than what has previously been described. All
prior structural studies of F-actin, whether by X-ray
fiber diffraction or electron microscopy, involved aver-
aging over tens or thousands of subunits. By directly
visualizing an asymmetric unit containing 14 actin
subunits within a nearly crystalline actin–scruin
bundle, Schmid et al. [1] have been able to see that
individual actin protomers can vary in rotation angle
from an ideal helical position by anywhere from –10°
to +24°.
Despite this variability in twist, the axial rise per
subunit is quite constant, as had previously been
observed [13]. Returning to the parallel with DNA,
crystal structures of B-DNA have revealed deviations
in twist of more than 7° by individual base pairs away
from an ideal B-DNA helical geometry. But because a
change of twist would have a cumulative effect, a
difference in the mean angle between base pairs
within B-DNA of 0.1° would have a large effect on the
properties of a long covalently closed DNA molecule.
Similarly, the change in F-actin’s twist by an average
of ~0.2° can drive an impressive motility reaction, even
though locally actin subunits are varying by as much
as 24° from an ideal helical geometry.
The actin–scruin bundle [1] has revealed other
interesting details. In addition to the variable twist, the
actin subunits undergo tilts in the bundle away from
their ideal positions by up to 12°. The likelihood that
actin subunits might be able to tilt within a filament
emerged from a much lower-resolution analysis [16],
more than 20 years ago, of another actin bundle, the
core of stereocilia from inner ear hair cells, and tilt was
also directly seen in actin filaments complexed with
ADF/cofilin proteins [15,17] (Figure 2). 
Stereocilia are another beautiful example of what a
cell can do with actin filaments, as the movement of
this massive bundle by only a few Ångstroms under-
lies the low threshold of hearing. It was argued that
the ability of a cross-bridging protein, fimbrin, to
apparently tilt with respect to the actin filaments might
reflect the ability of the actin subunits themselves to
tilt, consistent with other structural evidence. It was
also noted prophetically in the early study [16] that
there was a parallel between the behavior of actin
filaments in the stereocilia and those in the Limulus
acrosomal bundle, as in both there is a slippage of
adjacent filaments. The detailed picture of tilted and
twisted F-actin subunits that has now been generated
[1] certainly suggests that, in both the acrosomal
bundle and in the stereocilia core, the macroscopic
properties, such as how filaments bend or slide past
each other, may only be understood by examining the
microscopic properties of individual actin subunits.
One question that is raised, but not answered, by
these new results is how can actin exhibit such
plasticity at the subunit–subunit interface? This is the
same as asking why, given such polymorphism, actin
subunits still have the ability to assemble into
filaments, and not amorphous aggregates? The
multiplicity of subunit–subunit interfaces within F-actin
has actually been raised as a possible basis for the
exquisite conservation of actin’s primary sequence
[17]. In this view, a large number of residues in the
interior of the actin filament would be under selective
pressure as they participate in a multiplicity of
different interactions. We will clearly need even higher
resolution studies to be able to understand how this
remarkable protein can specifically interact with itself
in so many different ways. 
References
1. Schmid M.F., Sherman M.B., Matsudaira P., and Chiu W. (2004).
Structure of the acrosomal bundle. Nature 431, 104-107.
2. Feuer G., Molnar F., Pettko E., and Straub F.B. (1948). Studies on
the composition and polymerization of actin. Hungarica Acta
Physiologica 1, 150-163.
3. Prochniewicz E. and Yanagida T. (1990). Inhibition of sliding move-
ment of F-actin by crosslinking emphasizes the role of actin struc-
ture in the mechanism of motility. J. Mol. Biol. 216, 761-772.
4. Kim E., Bobkova E., Miller C.J., Orlova A., Hegyi G., Egelman E.H.,
Muhlrad A., and Reisler E. (1998). Intrastrand cross-linked actin
between Gln-41 and Cys-374. III. Inhibition of motion and force gen-
eration with myosin. Biochemistry 37, 17801-17809.
5. Schwyter D.H., Kron S.J., Toyoshima Y.Y., Spudich J.A., and Reisler
E. (1990). Subtilisin cleavage of actin inhibits In vitro siding move-
ment of actin filaments over myosin. J. Cell Biol. 111, 465-470.
Dispatch
R960
Figure 2. Actin subunits in F-actin can
tilt, as well as twist, away from their
average positions.
The model in (A) shows three subunits in
‘normal’ F-actin, while in (B) the same
three subunits are shown in a more
twisted and tilted state [17]. The blue
arrows indicate the tilt of ~20° that each
of these subunits undergoes.
6. Feng L., Kim E., Lee W.L., Miller C.J., Kuang B., Reisler E., and
Rubenstein P.A. (1997). Fluorescence probing of yeast actin
subdomain 3/4 hydrophobic loop 262-274 - actin-actin and actin-
myosin interactions in actin filaments. J. Biol. Chem. 272, 16829-
16837.
7. Borovikov Y.S., Dedova I.V., dos Remedios C.G., Vikhoreva N.N.,
Vikhorev P.G., Avrova S.V., Hazlett T.L., and Van Der Meer B.W.
(2004). Fluorescence depolarization of actin filaments in recon-
structed myofibers: the effect of S1 or pPDM-S1 on movements of
distinct areas of actin. Biophys. J. 86, 3020-3029.
8. Pollard T.D., Blanchoin L., and Mullins R.D. (2000). Molecular mech-
anisms controlling actin filament dynamics in nonmuscle cells.
Annu. Rev. Biophys. Biomol. Struct. 29, 545-576.
9. Schneider M.E., Belyantseva I.A., Azevedo R.B., and Kachar B.
(2002). Rapid renewal of auditory hair bundles. Nature 418, 837-838.
10. DeRosier D., Tilney L., and Flicker P. (1980). A change in the twist
of the actin-containing filaments occurs during the extension of the
acrosomal process in Limulus sperm. J. Mol. Biol. 137, 375-389.
11. Stasiak A. and DiCapua E. (1982). The helicity of DNA in complexes
with RecA protein. Nature 229, 185-186.
12. Hanson J. (1967). Axial period of actin filaments: electron micro-
scope studies. Nature 213, 353-356.
13. Egelman E.H., Francis N., and DeRosier D.J. (1982). F-actin is a
helix with a random variable twist. Nature 298, 131-135.
14. McGough A., Pope B., Chiu W., and Weeds A. (1997). Cofilin
changes the twist of F-actin: Implications for actin filament dynam-
ics and cellular function. J. Cell Biol. 138, 771-781.
15. Galkin V.E., Orlova A., Lukoyanova N., Wriggers W., and Egelman
E.H. (2001). Actin depolymerizing factor stabilizes an existing state
of F-actin and can change the tilt of F-actin subunits. J. Cell Biol.
153, 75-86.
16. Tilney L.G., Egelman E.H., DeRosier D.J., and Saunder J.C. (1983).
Actin filaments, stereocilia, and hair cells of the bird cochlea. II.
Packing of actin filaments in the stereocilia and in the cuticular plate
and what happens to the organization when the stereocilia are bent.
J. Cell Biol. 96, 822-834.
17. Galkin V.E., VanLoock M.S., Orlova A., and Egelman E.H. (2002). A
new internal mode in F-actin helps explain the remarkable evolu-
tionary conservation of actin's sequence and structure. Curr. Biol.
12, 570-575.
Current Biology
R961
